reported through the surveillance system for gastroenteritis outbreaks in LTCF. A total of 1,072 outbreaks were reported, causing 26,551 episodes of illness and 60 deaths. The median attack rate (AR) among residents was 32%. Norovirus and person-to-person transmission were the most frequently reported aetiology and mode of transmission. Control measures were implemented in 1,054 (98%) outbreaks and for 928 outbreaks, the timing of such measures could be inferred. Of these, 799 (86%) had put control measures into effect within three days of the occurrence of the first case. Outbreaks of gastroenteritis in LTCF cause substantial morbidity and mortality among elderly people in France. LTCF are encouraged to develop infection prevention and control plans and to notify any gastroenteritis outbreak to health authorities to ensure rapid control.
Introduction
Outbreaks of gastroenteritis are frequent in elderly long-term care facilities (LTCF). Because of the increased susceptibility and vulnerability of the residents, they can be associated with significant morbidity and mortality [1] [2] [3] . Their detection and control can be challenging. Prompt identification, thorough epidemiological and microbiological investigations, and rapid implementation of control measures are key elements to control outbreaks and limit the impact on the residents and the healthcare service.
In France, elderly LTCF were identified as the most frequent setting for gastroenteritis outbreaks between 2006 and 2009 [4] . In 2010, a specific surveillance system for gastrointestinal outbreaks in elderly LTCF was implemented in mainland France as part of a national plan to reduce the risk of infection in healthcare settings [5] . The objectives of the surveillance system were to promote the early notification of outbreaks, to facilitate the implementation of control measures and to describe the epidemiology of outbreaks in elderly LTCF. This system was implemented in addition to the surveillance systems already in operation for the surveillance of acute gastroenteritis in France [6] , which include: (i) the surveillance of acute diarrhoeal disease in the general population by the sentinel network of general practitioners since 1990 [7] ; (ii) the syndromic surveillance system based on emergency departments morbidity data (OSCOUR) since 2004 [8] ; (iii) the notification of gastroenteritis outbreaks in healthcare settings since 2001; (iv) the mandatory notification of foodborne gastroenteritis outbreaks since 1987; and (v) the confirmation and characterisation of enteric viruses at the National Reference Centre (NRC) of enteric viruses.
The surveillance system for gastrointestinal outbreaks in elderly LTCF was deployed by the regional health agencies in coordination with their partners in the prevention of healthcare-associated infections. In some regions (North, East), a pilot study or a pre-existing enhanced surveillance system had already been implemented prior to 2010. This article describes the gastroenteritis outbreaks that occurred in elderly LTCF in France between November 2010 and May 2012.
Methods
Surveillance system for gastroenteritis outbreaks in elderly long-term care facilities
The surveillance system for gastroenteritis outbreaks in elderly LTCF has been operating since November 2010. It is based on voluntary notification of any gastroenteritis outbreak occurring in LTCF. Acute gastroenteritis is defined as the sudden onset of diarrhoea (i.e. at least two stools more than usual, soft or watery) within 24 hours or the sudden onset of at least two episodes of vomiting within 24 hours, in the absence of a non-infectious aetiology (e.g. use of laxatives or chronic conditions). An outbreak is defined as at least five cases of gastroenteritis within four days among elderly LTCF residents or staff. The coordinator of elderly LTCF informs the health authorities and transmits a standardised notification form by email or fax. Health authorities can advise on the outbreak management, assist in further microbiological and epidemiological investigations and check that appropriate control measures have been implemented. Stool samples are sent to local or hospital laboratories and/or directly to the NRC for enteric viruses. Noroviruses are detected by real-time reverse transcription-polymerase chain reaction (RT-PCR), as previously described [9, 10] . Rotaviruses, astroviruses, adenoviruses and sapoviruses are detected by RT-PCR as previously described [11] .
Surveillance data are then entered by the health authorities in a web-based entry application hosted at the French Institute for Public Health Surveillance. This system enables real-time surveillance and exchange of information.
Data collection and study period
According to the national recommendations, a notification form should be sent to the health authorities as soon as an outbreak of gastroenteritis is recognised in a facility. 
Descriptive analysis
Data analysis was conducted using Microsoft Excel 2003 and Stata Version 11. The outbreak notification rate was calculated overall and by region (number of outbreaks reported in the study period divided by the number of elderly LTCF registered in the national administration files [12] ). Characteristics of outbreaks and facilities were described as well as investigation and management of outbreaks.
The proportion of affected units was calculated in facilities with at least two units, as the number of affected units divided by the total number of units in the facility reported on the notification form.
The duration of the outbreak was calculated by the difference between the date of symptom onset of the first and last cases. The notification delay was calculated by the difference between the date of symptom onset of the first case and the date of notification to health authorities. The delay in the implementation of control measures was calculated by the difference between the date of symptom onset of the first case and the date of implementation of control measures.
We compared the attack rate (AR) and duration of outbreaks by different characteristics. For categorical variables, rates were compared using Kruskall-Wallis test.
For quantitative variables, we computed the Spearman correlation coefficient r. For trend analysis, we used the chi-squared test for trend and the nonparametric Cuzick's test for trend.
Results

Number of outbreaks and characteristics of the reporting facilities
Of 10,205 elderly LTCF recorded in mainland France in 2007, 1,040 (10%) facilities reported at least one gastroenteritis outbreak between 1 November 2010 and 31 May 2012, yielding a total of 1,072 gastroenteritis outbreaks in these facilities. Over the study period, 1,013 facilities reported one outbreak, 22 facilities reported two outbreaks and five facilities reported three outbreaks.
The median number of residents in the facilities was 78 (N=999 outbreaks; range: 12-545). The median number of staff members was 45 (N=794 outbreaks; range: 6-434). The median number of staff member per resident was 0.62 (N=793 outbreaks; range: 0.08-2.5). The median level of dependence among residents was 700 (N=219 outbreaks; range: 3-937). The median number of units in facilities was three (N=715 outbreaks; range: 1-12).
Outbreak reporting by place and time
During the 2010/11 winter season, 442 facilities reported 473 outbreaks, giving an outbreak notification rate of 4.6 outbreaks per 100 facilities. During the 2011/12 winter season, 544 facilities reported 560 outbreaks, giving an outbreak notification rate of 5.5 outbreaks per 100 facilities. Over the 19 months study period, there was a great variation in the outbreak notification rate between regions, ranging from 2.7 outbreaks per 100 facilities in Picardie (in the Northern region) to 30.1 outbreaks per 100 facilities in Alsace (in the Eastern region) ( Figure 1 ). As observed by the sentinel network for acute diarrhoeal disease in the general population, the distribution of gastroenteritis outbreaks in elderly LTCF by month followed a seasonal pattern with a peak during winter months (Figure 2 ). by month, France, November 2010-May 2012 (n=1,072 outbreaks)
Characteristics of outbreaks
The 1,072 outbreaks caused a total of 26,551 episodes of illness among residents, 5,548 episodes of illness among staff members, 227 transfers to acute care facilities and 60 deaths. Table 1 shows the characteristics of outbreaks. Of 1,025 outbreaks with available information, there were 899 outbreaks (88%) with at least one staff member ill.
Figure 1
Outbreak notification rate from elderly long-term care facilities, by region, France, November 2010-May 2012 (n=1,072 outbreaks)
Outbreak notification rate (per 100 facilities)
The outbreak notification rates were calculated over the 19 month study period so as to include two winter seasons.
Mode of transmission
Of 429 outbreaks (40%) for which a suspected mode of transmission was specified, person-to-person accounted for 408 (95%) outbreaks, foodborne for 10 (2%) outbreaks, foodborne and person-to-person for six (1%) outbreaks and waterborne for one (<1%) outbreak.
Causative organisms
Laboratory testing was performed in 603 (56%) outbreaks and of these outbreaks, a pathogen was identified in 298 (49%). Norovirus and rotavirus were the most frequent organisms ( 
Investigation and management of the outbreak
The median delay in notifying the outbreak to health authorities was five days (N=1,062 outbreaks; range: 0-94 days). An epidemiological investigation was conducted in 169 (15.8%) of the total 1,072 outbreaks. It was a descriptive study in 126 outbreaks, a descriptive analysis of cases' food consumption in 22 outbreaks and an analytical study in 12 outbreaks.
Control measures were implemented in 1,054 (98%) outbreaks. Of 928 outbreaks with available information, the median delay between the first case and implementation of control measures was one day (minimum: 0; maximum: 34). In 799 (86%) outbreaks, control measures were implemented within three days after the first case occurred. Considering the total 1,072 outbreaks, control measures put into effect included reinforcement of hand hygiene in 1,015 (95%) outbreaks, contact precautions in 934 (87%), cleaning or disinfection of the environment in 927 (86%), restriction of patient movements in 904 (84%), stopping or limitation of group activities in 617 (58%) outbreaks, measures on food preparation/preservation/distribution in 468 (44%) outbreaks. For the 899 outbreaks comprising at least one ill member of staff, exclusion of symptomatic staff was implemented in 578 (64%).
For 197 (18%) outbreaks, problems in the management of the outbreak were reported: understaffing in 107 (54%) outbreaks, organisational problems in 88 (45%) outbreaks, shortage of materials (e.g. gloves, singleuse clothing, etc.) in 23 (12%) outbreaks, financial problems in 11 (6%) outbreaks. In 143 outbreaks (16% of 886 outbreaks with available information), facilities requested some advice from health authorities for the outbreak management and control.
Factors associated with outbreaks characteristics
Laboratory testing was significantly associated with the size of the facility and with the AR among residents. The proportion of outbreaks with laboratory testing increased together with the size of the facility (Table  3 , chi-squared test for trend p-value=0.01). The AR among residents was greater in outbreaks with laboratory testing than without laboratory testing (AR=35% vs. 29%, p=0.0001). On the other hand, the AR among residents decreased as the size of the facility (characterised by the number of residents) increased (nonparametric test for trend p-value<0.001).
The AR among residents and staff members were significantly different according to the aetiological agents identified in outbreaks, with highest AR observed in outbreaks due to norovirus or mixed pathogens (including norovirus). Longer duration of outbreaks was observed in outbreaks due to rotavirus or to mixed pathogens (including norovirus). The AR among residents and staff was lower and the duration of outbreaks was shorter when control measures were implemented within three days of date of symptom onset of the first case (Table 4 ). The case fatality rate (CFR) did not vary significantly according to these parameters.
There was no significant difference in the AR among residents according to the suspected mode of transmission (p=0.61), type of setting (p=0.35), mean level of dependence in the facility (r=-0.01; p=0.79) or number of staff per residents (r=0.04; p=0.16). The CFR did not vary significantly according to these parameters.
Discussion
This study shows that outbreaks of gastroenteritis in elderly LTCF cause substantial morbidity and mortality in France. The most frequent cause of gastroenteritis outbreaks in elderly LTCF is enteric viruses (and particularly norovirus) with spread from person to person, resulting in high AR among residents and staff members. These findings have been described in other countries [3, [14] [15] [16] [17] [18] [19] . Some of the results are subject to bias inherent to the voluntary and passive nature of the surveillance system. We observed a great variation in the outbreak notification rate between regions. Since the outbreak notification rate is not influenced by the disparity in the number of facilities in different regions, this variation probably reflects differences in investigation policies and reporting to health authorities. Indeed higher rates were observed in regions, which implemented specific studies or enhanced surveillance systems for outbreaks in elderly LTCF [20, 21] . The true burden of outbreaks in elderly LTCF is probably greatly underestimated, especially in regions, which had a low outbreak notification rate. It is also possible that large or more severe outbreaks were more frequently reported than others. However, if under-reporting is constant over time, trends can be monitored. In our study, the impact of the under-reporting bias seems to be stable over the entire study period since we observed the same seasonal pattern in the surveillance system for gastroenteritis outbreaks in elderly LTCF and in the surveillance of the incidence rate of acute diarrhoeal disease in the general population from the sentinel network from November 2010 to April 2012. The surveillance system for outbreaks in elderly LTCF could be an additional system (complementary to the existing one) to detect the beginning of seasonal gastroenteritis every year.
In France, outbreaks suspected to be linked to food (in any setting) are mandatory notifiable through a specific surveillance system for point source foodborne outbreaks. Data collected on foodborne outbreaks in LTCF through the mandatory system were not included in this study. Since outbreaks are not necessarily notified in both systems, we may have underestimated the frequency of foodborne outbreaks in elderly LTCF.
In approximately half of the outbreaks, laboratory testing had been performed to confirm the aetiological agent. The frequency of laboratory testing was associated with the size of the LTCF and with the AR among residents, with a greater proportion of laboratory testing in larger facilities and in outbreaks with a greater AR. It is important to continue to perform microbiological testing using standardised reference techniques on a substantial proportion of outbreaks in order to document the circulating strains/viruses and characterise them. However the microbiological investigation should not influence the outbreak management since the delay in getting the results can be long (and these sometimes become available when the outbreak is over). The outbreak control measures should be implemented as soon as possible based on the first clinical information and the suspected aetiological agent.
In half of outbreaks with laboratory testing, the aetiological agent was not reported, possibly because laboratory results were negative or because results were not updated in the database following reception of laboratory results.
Norovirus outbreaks in LTCF can be challenging to control because of the infectivity of the virus, the environmental persistence and the possible long-term shedding by cases [22, 23] . In our analysis, control measures had been implemented in a large proportion of outbreaks (98%), suggesting that recommendations on managing gastrointestinal outbreaks in LTCF are well known and applied. However reported outbreaks are probably better managed and this proportion may not reflect the true knowledge and practices of LTCF when an outbreak occurs.
The efficacy of each specific control measure was not specifically studied but implementation of control measures tends to be associated with a lower AR and shorter duration of the outbreak when implemented within three days after the first case occurred This was also observed in a study of norovirus outbreaks in the Netherlands [24] . Of note, in our study, some control measures were less frequently implemented than others (e.g. exclusion of symptomatic staff members, limitation of group activities) although they can contribute to prevent transmission in outbreaks with person-toperson transmission [14] . Given the high proportion of outbreaks with at least one staff member ill (88%) and their possible role in the transmission of infection to the residents, requiring that ,staff members temporarily stop from working while symptomatic is a relevant measure in outbreak management. The observation that this measure was implemented in only 64% of the outbreaks with at least one ill staff member raises concern. This may be due to difficulties encountered because of the resulting disorganisation of staff and services. It shows the need for contingency plans addressing these problems and identifying solutions for staff replacement.
The surveillance system for outbreaks of gastroenteritis in elderly LTCF provides valuable information to document the epidemiology of these outbreaks, to follow the evolution of associated morbidity and mortality and to assess the impact of national policies in order to guide public health actions. Data can also be used to estimate the implementation and effectiveness of recommended infection control measures.
Elderly LTCF are encouraged to continue to develop infection prevention and control plans and to notify any gastroenteritis outbreak to health authorities to ensure that they are rapidly controlled. Information on surveillance and notification should be largely distributed in order to increase participation in the system and improve the geographical representativeness of the surveillance data.
